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GAS ANALYSIS W I T H  CARBON MOLECULAR SIEVE 

Daniel M. O t t ens t e in  and Walter R. Supina and P a t r i c k  W. Byrnes 

Supelco, Inc.  F i she r  S c i e n t i f i c  Co. 
Supelco Park 711 Forbes Avenue 

P i t t sbu rgh ,  Pa. 15219 Bel lef  onte,  Pennsylvania 16823 

INTRODUCTION 

Carbosieve B is a unique adsorbent f o r  gas s o l i d  chromatography which can be 
used f o r  t h e  separat ion of: 

(1) Permanent gases 
(2) Su l fu r  and n i t rogen  oxides 
(3) Light hydrocarbons C t o  C 
(4) Certain lower molecular wefght compounds such as formaldehyde, 

methanol and water 
(5) Water from most organics 

Because of i ts  ine r tnes s  i t  can be used f o r  the determination i n  t h e  p a r t s  p e r  m i l -  
lion and p a r t s  pe r  b i l l i o n  concentrat ion l e v e l .  Due t o  its unique s t r u c t u r e ,  i t  w i l l  
e l u t e  compounds in an order  d i f f e r e n t  from t h a t  obtained with o t h e r  adsorbents  o r  
packings. 

Carbosieve e i s  manufactured by SUPELCO, I N C .  Kaiser' described 

Z la tk i s  e t  a l .  have a l s o  descr ibed i t s  chromatographic p rope r t i e s  for 
i t s  use f o r  t he  determination of trace q u a n t i t i e s  of water and as a gene ra l  purpose 
GSC packing'. 
l ight  gas ana lys i s3 .  

Carbosieve B is a highly pure carbon with a su r face  area of approximately 1000m2/g 
and pore r ad ius  i n  the range of 10-12 Angstroms, making i t  e s s e n t i a l l y  a carbon 
molecular sieve. Its high p u r i t y  e l imina te s  t h e  adsorpt ion problems t h a t  are nor- 
mally encountered with conventional carbon and o t h e r  adsorbents;  t h i s  is an impor- 
t a n t  f ea tu re .  
i n s t ances ,  are considerably d i f f e r e n t  from t h a t  obtained with o t h d  adsorbents .  

Its unique su r face  and s t r u c t u r e  cause sepa ra t ions  which, i n  many 

This adsorbent is  highly nonpolar;  .Rohrschneider Constants show t h i s  very w e l l  
and are as follows: 

Benzene Ethanol MEK Nitromethane Pyridine 
(XI (Y 1 ( 2) (U) (SI 

-1.03 -0.84 -0.62 -1.93 -1.51 

A l l  values are negat ive i n d i c a t i n g  t h a t  Carbosieve B is even more nonpolar than 
squalane. 
compounds, even before  methane. 

Because of its nonpolar cha rac t e r ,  water is e l u t e d  be fo re  a l l  organic  

APPLICATIONS 

PERMANENT GAS SEPARATIONS 

Permanent gases such as H2, 02, N2,  CO, CH and C02 can be sepa ra t ed  with 4 To do t h i s  i t  is necessary t o  temperature program the  column from 
are no t  e a s i l y  separated so t h a t  a 9 f t .  x 

Carbosieve B. 
room temperature t o  175OC. 
118" s t a i n l e s s  steel column is neede3, packed with 120/140 mesh Carbosieve B. 
column is h e l d  isothermally f o r  fou r  minutes, then programmed a t  the ra te  of 3O0C/min. 

O2 and N 
The 
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t o  115°C. 
Under these condi t ions,  oxygen and argon a r e  not  separa ted  from each o t t e r .  
3 shows a chromatogram of CO, m4 and C02 i n  a i r .  

SEPARATION OF HYDROCARBONS 

The components are e l u t e d  i n  t h e  order  o f  H 2, 02, N2, CO, CH and C02. 
Figure 

Carbosieve B can b e  used t o  s e p a r a t e  hydrocarbons i n  t h e  C - C range. TO do 
t h i s ,  the  column m u s t  b e  opera ted  above ambient temperature. 'de C54and higher  
molecular weight hydrocarbons are n o t  e l u t e d  from t h e  columns. They appear t o  be  
permanently adsorbed by the Carbosieve B. Conceivably they could be  e lu ted  i f  t h e  
column temperature were r a i s e d  s u f f i c i e n t l y ,  bu t  t h i s  would r e s u l t  i n  pyro lys i s  of 
t h e  sample. range, the compounds are e l u t e d  by the degree of unsat- 
u r a t i o n ,  w i t h  s a t u r a t e d  compounds e l u t e d  las t .  This i s  i n  c o n t r a s t  t o  conventional 
po lar  columns where t h e  order  would be  ( a )  p a r a f f i n i c  (b) o l e f i n i c  (c)  ace ty len ic .  
The polar  columns would b e  u s e f u l  f o r  t r a c e s  of p a r a f f i n s  i n  o l e f i n s  o r  o l e f i n s  i n  
a c e t y l e n i c  compounds, b u t  f o r  t r a c e s  of ace ty lene  i n  o l e f i n s ,  o r  o l e f i n s  i n  p a r a f f i n s ,  
Carbosieve B is unique. 

In t h e  C1 - C 3 

C Hydrocarbons 2 

The C2's are s e p a r a t e d  i n  the order  acetylene,  e thylene and ethane. These com- 
ponents alolig w i t h  methane are shown separa ted  i n  Figure 4 a t  150'C w i t h  a 3 f t .  x 
2mm g l a s s  column. 

C3 Hydrocarbons 

order  of methylacetylene, allene, propylene, and propane. Cyclopropane and a l l e n e  
are n o t  separated from each  o t h e r  and are e l u t e d  together .  
C 3 ' s  along with methane and t h e  C 2 ' s  i s  shown in Figure 5 wi th  a 3 f t .  column a t  ZOO'C. 

The C ' s  are a l s o  s e p a r a t e d  by t h e  degree of s a t u r a t i o n .  They are e lu ted  i n  the 3 

The separa t ion  of the  

C Hydrocarbons 4 

I n  prel iminary work w i t h  t h e  C 's, i t  has  been p o s s i b l e  t o  e l u t e  is0 and n-butane, 
b u t  n o t  the unsaturated C ' s .  4 are n o t  resolved w i t h  a 3 f t .  x 2mm column at 215'C. 
i n  Figure 6 at  215°C. 

The $so and n-butane peaks are r e l a t i v e l y  broad and 
Separat ion of C1 - C4 is shown 

Acetylene i n  Ethylene 

Z l a t k i s 3  has  shown that t r a c e s  of ace ty lene  can b e  determined i n  ethylene. 
p r i n c i p a l  advantage of Carbosieve B f o r  t h i s  ana lys i s  is that acetylene i s  e lu ted  
before  ethylene. This allows a l a r g e  sample t o  be  used without  swamping the  acety- 
l e n e  peak, as is t h e  case where ethylene is e lu ted  f i r s t .  

The 

The separa t ion  shown i n  Figure 2 w a s  c a r r i e d  out  w i t h  a 3 f t .  x 2mm column, 
Carbosieve B ,  45/60 mesh at 1 4 O " C ,  flow 4Omllmin. N and a flame ioniza t ion  d e t e c t o r  
w a s  used here. Sample size 1 . 5 m 1 ,  s e n s i t i v i t y  2 x 18-" A.F.S., lmv recorder .  

SEPARATION OF PERMANENT GASES AND METHANE, ETHYLENE AND ACETYLENE 

I f  it i s  n o t  necessary  t o  s e p a r a t e  O2 and N but  only air ,  CO, CH , C02, acety- 

methane, e thane,  ethy- 

2 lene, ethylene and e thane ,  the separa t ion  can b e  c a r r i e d  o u t  w i t h  a 4 'ft. x 1/8" 
column with Carbosieve B ,  60180 mesh programmed from 30 t o  l l O ° C  as shown i n  Figure 
7. If O2 and N2 are a l s o  t o  b e  separated along with 

C ' s  e lu ted  i n  order  of ace ty lene ,  e thylene  and ethane. 2 

lene and ace ty lene ,  the  9 f t .  x 1/8" column used i n  can be  used with the 



31 

SEPARATION OF WATER, FORMALDEHYDE AND METHANOL 

Kaiser2 f i r s t  reported t h i s  d i f f i c u l t  separa t ion ;  i t  can be  r e a d i l y  made with 
Carbosieve B as shown i n  Figure 1. 
t i o n  containing 36-38% formaldehyde, 10% methanol and t h e  remainder water .  
condi t ions used are as follows: Column, 4 f t .  x 3mm I.D. g l a s s  packed with 60/80 
mesh Carbosieve B ;  Column Temp., 20OoC; Flow rate, 7fml/min. H e l i u m :  Sample s i z e ,  
0.5 m i c r o l i t e r s .  

The separa t ion  w a s  made of a formaldehyde solu- 
The 

A thermal  conduct ivi ty  de tec tor  i s  used h e r e  because i t  responds t o  a l l  t h r e e  

Note t h a t  t h e  order  of e l u t i o n  f o r  t h e  three components 
components. A flame d e t e c t o r  i s  less s u i t a b l e  since water  i s  n o t  seen a t  a l l  and 
formaldehyde only poorly. 
d i f f e r s  from t h a t  obtained wi th  porous polymers. 

TRACE ANALYSIS 

Trace Gases 

Kaiser2 has shown that trace a n a l y s i s  i s  poss ib le  wi th  Carbosieve B ,  and t h a t  
i t  is p o s s i b l e  t o  d e t e c t  p a r t s  p e r  b i l l i o n  of hydrocarbons using revers ion  gas chro- 
matography. This technique c o n s i s t s  of p u l l i n g  a l a r g e ,  known volume of the sample 
through t h e  column, a l lowing t h e  impur i t ies  t o  c o l l e c t .  Then carrier gas  i s  turned 
on and the column is  heated,  by a moving oven, which causes t h e  sample t o  move through 
t h e  column. This technique allows f o r  the sample t o  b e  highly concentrated in  the  
column. 

Since Carbosieve B does n o t  b leed ,  it can b e  used with u l t r a  high s e n s i t i v i t y  
d e t e c t o r s  such as helium i o n i z a t i o n .  

TRACE WATER ANALYSIS 

Kaiser' has  shown t h a t  trace q u a n t i t i e s  of water can be  determined using a 
Carbosieve B column. Because of the  l o w  a f f i n i t y  f o r  w a t e r  of i ts  carbon sur face ,  
water i s  quickly e l u t e d  from a Carbosieve B column without  t a i l i n g  even before  
methane. 
from being adsorbed on the  w a l l  of t h e  column tube. 
is less adsorp t ive  than g l a s s  o r  s t a i n l e s s  steel tubing 

To car ry  out trace water  a n a l y s i s ,  care  must be  taken t o  prevent  water  
Kaiser has  shown t h a t  quartz  

SULFUR GASES 

S u l f u r  dioxide is r e a d i l y  e l u t e d  f r  m Carbosieve B columns wi thout  ind ica t ion  9 of t a i l i n g  as shown in Figure 8. 
t o  30 ppm. Be low t h a t  l e v e l  t h e  SO2 i s  l o s t  on the  column.2 Consequently, Carbosieve 
B can b e  recommended only f o r  h igher  concentrat ions of SO2. 
badly a t  r e l a t i v e l y  high concentrat ion so Carbosieve B cannot b e  recommended f o r  
H S a n a l y s i s  a t  this t i m e .  

Kaiser has  found t h a t  SO can be  determined dawn 

Hydrogen s u l f i d e  tails 

2 
OXIDES OF NITROGEN 

Both n i t r o u s  oxide (N 0) and n i t r i c  oxide (NO) can b e  separa ted  from each o ther  
as w e l l  as other  gases w i t 2  Carbosieve B. No information of n i t r o g e n  dioxide (NO2) 
i s  a v a i l a b l e  as y e t .  

Nitrous oxide is r e a d i l y  separa ted  from other  compounds and is e l u t e d  a f t e r  
CO and b e f o r e  acetylene.  
Thfs s e p a r a t i o n  w a s  c a r r i e d  out a t  100°C wi$h a 3 f t .  x 118'' s t a i n l e s s  steel  column 
wi th  60180 mesh Carbosieve B. 

Figure 9 shows N 0 separa ted  from air ,  methane and C02 .  
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Ni t r i c  oxide is e l u t e d  from Carbosieve more rap id ly  than N 0. A t  room tempera- 2 t u r e  i t  i s  quickly e l u t e d  a f t e r  N 
a 6 f t .  x 1/8" s t a i n l e s s  steel  co?hmn with 60180 mesh Carbosieve B. 

and before  CO. This i s  shown i n  Figure 10 with 

Spec ia l  precaut ions m u s t  be observed when NO i s  t o  be separated.  The column 
must b e  conditioned wi th  hydrogen t o  prevent  the  NO peak from t a i l i n g .  This can be 
done with e i t h e r  pure hydrogen o r  a mixed gas such as n i t rogen  o r  helium and hydro- 
gen. 
f o r  condi t ioning.  
e s s e n t i a l l y  the  same r e s u l t s .  
wi th t r a c e  q u a n t i t i e s .  

We have t r i e d  a 94% N2-6% H2 mixture and found t h i s  comparable t o  pure hydrogen 

It should b e  noted t h a t  none of the work with NO d e a l t  
Conditioning f o r  one hour a t  200, 300 and 400°C seemed t o  g ive  

I f  t h e  column is  t o  b e  operated a t  room temperature f o r  NO and then temperature 
programmed t o  h igher  temperatures ,  t h e  c a r r i e r  gas should conta in  hydrogen. 
column is  heated wi thout  hydrogen i n  the  carrier gas ,  then t h e  NO peak w i l l  tai l .  
This w a s  found with hel ium as t h e  carrier gas. 
r i o r a t e d  f o r  NO when t h e  column w a s  repeatedly temperature programmed t o  200°C t o  
e l u t e  o ther  components. 
explora tory ,  and at t h i s  p o i n t  w e  a r e  n o t  c e r t a i n  t h a t  i t  can b e  reproduced. 

I f  the 

We found t h e  column gradually dete- 

Our work wi th  NO and t h e  hydrogen deac t iva t ion  has been 

Both NO and N20 can be  separa ted  from 02, N2,  CO, CO and methane with a 6 f t .  
2 x 118" column. The column is  operated a t  room temperature t i l l  CO i s  e lu ted ,  then 

t h e  column is programmed quickly t o  150°C t o  e l u t e  methane, C02 and N20. When t h e  
column is  programmed, the c a r r i e r  gas must b e  dry. 

MISCELLANEOUS RETENTION DATA 

Data prepared by Kaiser  i n  Table 1 compares Carbosieve B ,  Porapak Q and Molec- 
u l a r  Sieve SA. Note t h a t  the  values  a r e  r e t e n t i o n  volumes, no t  r e t e n t i o n  t i m e s .  
Water is shown t o  e l u t e  b e f o r e  methane and CO on t h e  Carbosieve B bu t  i t  i s  evident  
t h a t  i t  takes  q u i t e  some t i m e  f o r  butane t o  b e  e l u t e d ,  even a t  250°C. 2 

The d a t a  i n  Table 2 were obtained i n  our labora tory  using a 3 f t .  x 118" O.D. 
s t a i n l e s s  s t e e l  column packed with 60180 Carbosieve B and operated a t  40mlfmin. and 
are absolu te  r e t e n t i o n  times. 

HANDLING OF CARBOSIEVE B 

Carbosieve B is suppl ied  i n  f i f t e e n  cc evacuated, sea led  v i a l s .  when the  v ia l  
i s  opened, unused material should b e  t r a n s f e r r e d  t o  a g l a s s  b o t t l e  and t i g h t l y  closed. 
To avoid contamination, Carbosieve B should n o t  be  exposed t o  t h e  atmosphere f o r  pro- 
longed per iods of t i m e .  Because of i t s  high sur face  area, it tends t o  readi ly  pick 
up contaminants from t h e  air; these  can be  removed b u t  i t  requi res  extensive condi- 
t i o n i n g  of t h e  column. To avoid oxidat ion and damage t o  i t s  sur face ,  do not  heat  
Carbosieve t o  over 2OO0C i n  air; do not  h e a t  columns above t h i s  temperature i f  the  
carrier gas i s  n o t  f r e e  of oxygen. Columns t h a t  are t o  be temperature programmed 
should be conditioned f o r  a number of hours a t  o r  s l i g h t l y  above the  h ighes t  tem-  
pera ture  an t ic ipa ted .  

f 

Carbosieve B should b e  used wi th  a carrier gas that  is f r e e  of oxygen t o  avoid 
oxidat ion of i ts  sur face .  
Oxygen can b e  removed c a t a l y t i c a l l y  by means of s p e c i a l l y  designed t r a p s  which are 
i n s t a l l e d  i n  the carrier gas l ine.  

I f  ox ida t ion  should occur, the  peak w i l l  show t a i l i n g .  

I f  temperature programming is used, i t  i s  imperative t h a t  the c a r r i e r  gas a l s o  
b e  dry. Use of a device such as a molecular s ieve  t r a p  t o  remove water is recom- 
mended. I f  t h e  carrier gas  i s  n o t  dry ,  an i r r e g u l a r  base  l i n e  w i l l  b e  obtained when 
t h e  column i s  programmed wi th  a broad peak f o r  water seen i n  the v i c i n i t y  of the  co2 
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peak. This i s  a problem with a thermal conduct iv i ty  d e t e c t o r ,  bu t  not  a flame which 
does n o t  respond t o  water. 

A drying '  c a r t r i d g e  should be  used t o  remove water from t h e  carrier gas. One must 
assume t h a t  a l l  carrier gases have some moisture  i n  them. 
t o  i n s t a l l  a s m a l l  drying t r a p  a f t e r  t h e  flow c o n t r o l l e r  i n  the instrument .  
seen i n  several ins tances  where i t  is t h e  flow c o n t r o l l e r  bleeding moisture  t h a t  causes 
the base  l ine problem even though the carrier gas w a s  being dr ied .  One can also h e a t  
the  carrier gas tubing from t h e  cy l inder  t o  t h e  chromatograph t o  remove moisture  from 
the  w a l l s  of t h e  tubing, bu t  t h i s  i s  unnecessary i f  the  t r a p  i s  placed a f t e r  the  con- 
t r o l l e r .  
Once t h i s  is done, h e a t  t h e  column to t h e  maximum temperature which you expect t o  reach 
and hold t h e  column a t  t h a t  temperature f o r  s e v e r a l  hours t o  condi t ion it. 

We a l s o  f i n d  i t  necessary 
We have 

A s h o r t  sec t ion  of tubing f i l l e d  with Molecular Sieve 5 A  is adequate f o r  t h i s .  

The problem of moisture i n  t h e  c a r r i e r  gas  is i l l u s t r a t e d  in  Figure 11 which 
The s i z e  and pos i t ion  of the water peak w i l l  shows t h e  peak f o r  water a f t e r  C02.  

depend on t h e  amount of water present .  
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TABLE 1 

Molecular Sieve 
Carbosieve B Porapak Q 5A 

O2 

N2 

c02 

CH4 

c2H2 

c0 

‘ZH4 

‘ZH6 

C3H8 
‘qH1O 

‘gH12 
CHOH 
CH30H 

C2H50H 

H2° 

150°C 

1.22 

1.22 

1.75 
9.09 

4.71 

21.6 

40.5 

64.1 
- 
- 
- 

27.1 
65.7 

- 
4.59 

250°C 

- 
- 
- 

1.80 

1.03 

4.08 

6.59 

9.42 

54.9 

126 .O 
- 

3.96 
8.35 

38.3 

0.51 

l5ooc - 

0.28 

0.28 

0.28 
0.78 

0.40 

1.11 

1.04 

1.23 

3.09 

7.83 

16.72 

3.78 
5.59 

12.35 

2.61 

S p e c i f i c  Retention Volume Vg a t  150°C 
Methane 3 . 0 m l f p  
Ethane 47.4ml/gm 
Propane 506. l m l  f gm 

15OoC 

0.32 

0.56 

1.34 

1.01 

43.0 

- 
63.9 

7.36 
- 
- 
- 
- 
- 
- 
- 

I n  the t a b l e  above (prepared by Kaiser) r e t e n t i o n  volumes f o r  a number of compounds 
are compared .for s e v e r a l  types of columns. In  a l l  cases  column length w a s  one meter. 
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TABLE 2 

RETENTION TIMES (ABSOLUTE) 

HZ 

O2 

N2 

m4 

c02 
N2° 

H2S 

s02 

Argon 

NO 
CO 

Acetylene 

E thy l ene  
Ethane 

Methyl Acetylene 
Cyclopropane 
Allene 
Propylene 
Propane 
Water 
Formaldehyde 
Methanol 

Column Temperature 

T ime  i n  Minutes 
l0O0C 15OoC 2000c 

0.23 

0.23 
0.23 

0.23 

0.23 
0.23 
0.5 

0.92 

1.45 

2.4 
4.7 

5.4 
9.8 
- 
- 
- 
- 
- 
- 
- 
- 
- 

0 .2  

0 . 2  
0 .2  

0 . 2  

0 .2  
0 . 2  
0 .3  

0.4 

0.6 

0.85 
0.450 

1.6 
2.6 
5.0 
- 

12.8 
15.7 - 

- 
0.15 
0.35 
1.0 

0.15 

0.15 
0.15 

0.15 

0.15 
0.15 
0.15 

0.27 

0.3 
0.4 
0.3 

0.7 
1.0 
1.6 

3.7 
4.2 
4.5 
6 .O 
8.6 
0.15 
0.2 
0.45 

Column: 3 f t .  x 118'' S.S., 60180 mesh Carbosieve B Flow: 40mlfmin. 
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YlNUlES 

FIGURE 7 - Water-FormaldehydeMethenol Separation 
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MINUTES 

FIGURE 3 - Separation of O1 N2 CO. CH4 and C02 

FIGURE 2 - Trace Acetylene in Ethylene 
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FIGURE 4 - Separation of Methane and Cz's 
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FIGURE 5 - Separation of C,'s, C2f and C3's FIGURE 6 - Separation of n-Paraffins - C, - C4 

c I '  
0 I 2 MINUTES 

FIGURE 7 - Separation of Air, CO, CH4 COz C p z  Cp, and 

'p6 
FIGURE 8 - Separation of Air and soz 
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1 

0 I 2 MINUTES 

FIGURE 9 - Separation of Air. CH4 C02 and N20. 
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i 
0 1 2 3 MINUTES 

FIGURE 10- Separation of Nr NO and CO 

. .. 

I , 1 1 

I 2 3  4 5 6 7 YINUTES 

FIGURE 11 - Separation of Or Nz CO, CH, COz and H20. 


